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Claims 

ir-. A hybrid optical n e twork comprising: 

■ a single channel optical ring network (1), 

5 a plurality of ring nodes — (2) of the single channel 

optical ring network (1), each of the ring nodes (2) 
being — adapt e d — fee — communicat e — singl e — channel — optical 
data packets — over the — single — channel — ri^g — network 

-m-r 

10 ■ a star subnetwork (3) — comprising: 

■ — a c e ntral — wavel e ngth router f€-) having — a 

plurality of input ports and a plurality of 
output ports, 
■ — a — plurality — of — combiners (-6-) each — having — a- 

15 plurality of input ports and on e output port, 

the output ports — of the — combiners — (-6-) — being 
conn e ct e d — fee — fehe — input — ports — efe — fehe — central 
wavelength router — (5) , 
■ — a — subs e t — of — fehe — ring — nod e s — HB — o£ — fehe — ring 

2 0 network, — each node — (-4-) — of the — subset — including 

a tunabl e transmitter aad — a tunable 

receiver ^2-5-) fee communicate optical dafea- 

pack e ts — ov e r — fehe — star — subn e twork (-3-H fehe 

tunablc transmitters — (26) — each being connected 

2 5 to an input port of on e of th e combiners — (6) , 

wherein 

optical — data — pack e ts — rout e d b e tw ee n — fewe — ring — nod e s 

(4) of the subset over the star subnetwork (3) arc 
assign e d — a — sp e cific — wavelength — that — d e t e rmin e s — fehe 

3 0 routing — of- — fehe — data — packets — through — fehe — central 

wav e l e ngth rout e r — (5) . 



Or-. 3%e — n e twork — according — fee — cla: 

wavelength — router (-§-) is — a— 

35 grating . 



4tt — wherein — feh-e — central 
ngle — arrayed — waveguide 



27 



3-. The — n e twork — according — to — claim — 1 — or — 2r- r additionally 



comprising 




plurality 


-ef wavclc 


:ngth 
rt ar 




idepc 


indent 


splitters 




each having or. 


te — input po. 


the 




.ttcr 


:ality 


ef- — output 


*eefe 


■fcs-j — fehe — input 

ed — to — fehe — ©i 


Porto of 


3 ©f- 


— ttb 




D (7) 
antral 


being eefH 

wavelength 




iter (5) , the c 


ltput portc 

)utput port: 


3 Of 


-fehe- 


splj 


-tters 



-(-7-) — e ach — being — connected — fee — a — tunable — r e c e iv e r — (-2-5-) — ef 
onc of the nodes (4) of the subset. 



10 4^ The network according to any preceding claim, wherein the 

nodes — (-4-) — of the subset are equally distribut e d among the 
ring nodes (2) . 

The network according to any preceding claim, — wherein an 

15 optical amplifi e r — (-8-) — is arrang e d b e tw ee n the output port 

of a combiner — (-6-) — and the corresponding input port of the 
c e ntral wav e l e ngth rout e r — (5) . 

The network according to any of claims — 3 to 5 , — wh e r e in an 
optical amplifier — (-8-) — is arranged between an output port 
ef — fehe — c e ntral wav e length — router — (-5-) — and th e — input — port 
of the corresponding splitter — (7 ) . 

T-h-e — network — according — fee — a«y- — preceding — claim, — wherein 



each — node — (-4-) — ef— 


the — subset — comprises — conversion — r 




\ t ^ i 

of the £ 




:al to electrical to optical — convci 
id wherein — the — tunable — transmitter 




and the 


iignals , — a* 
tunable 




:form 


electric 


a± — to opt. 


receiver (-2-5-) ef — a — node (-4-) — pe^ 

ical and optical to electrical s: 


Lgnal 



3 0 conversion, — respectively. 

T-h-e — network — according — fee — claim 7, — wherein — each — node — (-4-)- 



ef — fehe — subset — comprises — 


transit — queues — (-2-3-) 


and 


station 


queues — (24 ) , — t-h-e — station 


queues — (-2-4-) — compr: 


Lsing 




queues — (241) — and transmit 
(241) — being — connected — fee 


queues — (242) , — one 
— fehe — tunable — rccci 


^e* — ( 


je queue 
25) and 
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ene — transmit — qu e u e — (242 ) — b e ing — conn e ct e d — to — the — tunabl e 
transmitter (26) . 

■9-: ihe — network — according — to — afty — preceding — claim, — further 

5 comprising protocol m e ans f-er routing optical data 

packets — to be — sent — from a — given — source — ring node — (-2-7 — ft-f 
to a giv e n destination ring node — (-2-7 — fr) — ov e r th e — shortest 
network path, including routing the data packets over the 
singl e chann e l ring n e twork (-t) artd ov e r fehe star 



additionally comprising: 

. means — f-er — assigning — a — wavelength — fee — defea — packets 

b e ing s e nt ov e r th e star subn e twork — — from a giv e n 

source — subset — neee (-4-) e€ — fehe — subset — fee — a — given 

d e stination subset nod e H-) of- — fehe subset, fehe 

wavclcngth determining the — route — of the — data packets 
through th e star subnetwork — (3) , 

means — for tuning the tunable transmitter — (-2-6-) — of the 

sourc e — subs e t — nod e — (-4-) — fee — fehe — assign e d — wav e l e ngth, 

m e ans — f-er — tuning — the — tunabl e — r e c e iv e r — f5-5-) — of- — the 

destination subset node (-4-) fee fehe assigned 

wav e l e ngth . 



ii-: — The — n e twork — according — fee — claim — 1-&7 — wh e r e in — the — m e ans — 
assigning a wavelength comprise: 

means — f-er- — det e rmining — fehe — short e st — route — f-er- — data 

3 0 packets being sent from a given — source — ring node — (-2-r 

A) — to a giv e n d e stination ring nod e — (-2-7 — B7-7- 

■ means — f-eae — determining — within — fehe — shortest — route — a 

sourc e — subset nod e — HH — and a d e stination — subset node 
-f4-) — routing the data packets over the star subnetwork 
3 5 (3) in a short - cut, 
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- m e ans — for d e t e rmining a wav e l e ngth to rout e th e data 

packets — feeem — fefee source — subset — nede f44 fee — fehe 

d e stination subs e t nod e — (4) . 



5 12. Th e network according to claim W or Htt further 

comprising means for putting the data packets received at 
th-e — d e stination — subset — nod e — (44 — or — fehe — singl e — channel 
optical ring network — f!4 — in case the destination subset 
nod e — (-4-) — is diff e r e nt from th e d e stination nod e — (-2-7 — Bf-r- 

10 

4-3-= — The network according to any preceding claim, — wherein the 

single channel optical aeisg network fi} is a- 

bidir e ctional dual - fib e r ring n e twork or a bidir e ctional 
single - fiber ring network. 

15 

14. The network according to any preceding claim, wherein the 
hybrid optical n e twork is — a pack e t — switch e d m e tropolitan 
area network. 



2 0 i-S-: — T-h-e — network — according — fee — a«y — preceding — claim, — wherein — a- 

passiv e — star — coupl e r — (4-5-) — is — arranged — ±ft — parall e l — with 
the central wavelength router (5), each node (4) of the 
subs e t — b e ing — coupl e d — both — to — th-e — c e ntral — wav e l e ngth 
router — — and the passive star coupler — £445-b — and with 
2 5 th-e — c e ntral — wavelength — rout e r — (-5-) — routing — data — pack e ts 
assigned — fee — wavelengths — ef- — a — first — waveband — aftd — fehe 
passiv e — star — coupl e r — (4-5-) — routing — data — pack e ts — assign e d 
to wavelengths of a second waveband. 



3 0 16. A method — ef — routing — data — packets — between — a — source — ring 

nod e (-2-7 — A-) aftd — a — d e stination — ring — nod e (-2-7 — B-) ef — a 

hybrid optical network that comprises a peripheral 

optical — ring — n e twork — (44 — with — a plurality of — ring — nodes 
424 — aftd — a — star — network — (-3-) — with — a — central — wavelength 
3 5 rout e r — (-5-) — and a subs e t of th e ring nod e s — (-2-H — e ach nod e 
4-4-) — of the subset including means — (-2-5-^ — 2-6-) — to communicate 
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optical — data — pack e ts — ov e r — the — star — subn e twork — (-3-H — the 
method comprising: 

putting — data — packets to — be transmitt e d — or the 

optical ring network — (-t) — at the source ring node — (-2-r 
5 Aj-r 

■ determining a source subset node H-) aftd a 

destination — subs e t — nod e — HB — of — hhe — subs e t — which — a?e 
part of a route for data packets being sent from the 
sourc e ring nod e — (-2-7 — A) — to th e d e stination ring nod e 
10 (2, B) , 

pulling — incoming — sourc e — ring — nod e — data — packets — from 

the optical ring network — (4^) — at the source subset 
node (4), 

transmitting the pulled data packets over the star 

15 subnetwork (3) to the destination subset node (4), 

sending the data packets from the destination subset 

nod e — (-4-) — he — the — d e stination — ring — nod e — (-2-7 — B-) — ov e r 
the optical ring network — (4-) — if the destination ring 

nod e £-2-7 — B-) hs — un e qual — to — the — d e stination — sub se t 

20 node (d), and 

taking the data — packets from — the optical ring 

network (1) at the destination ring node (2, B) . 



17. The method of claim 16, — wherein the source subset node 
2 5 -f4-) — and th e d e stination subs e t nod e — (-4-) — ar e nodes — of the 
shortest route for data packets from the source ring node 

-f2-7 — A) ho — the — d e stination — ring — nod e (-2-7 B-) ov e r — the 

hybrid network. 



3 0 18. The method of claim 16 or 17, — wherein the optical ring 
n e twork — (4r) — is a singl e chann e l optical ring n e twork, — the 
optical — data — packets — pulled — from — the — single — channel 
optical — ring — network — (4-) — b e ing — converted — ±r — the — sourc e 
subset — node (-4-) — he — art — optical — wavelength — that — allows 

3 5 routing — of — the — data — packets — he — the — d e stination — subset 
node (4) over the star subnetwork (3) . 
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19. Th e m e thod of claim 18, — wh e r e in th e optical data — signal: 



ele< 


the optical ring — 


network fr) £ 

when taken fr 


om the 


verted fee 


who] 


:trical — data — signals 
?eift — fefee — electrical 


data — signals — 




ring, — and: 
i verted — to 








wavelc 




opt: 
det-« 


Leal data signals < 

ermines — the — routing 


of a specific 
-ef- — the — data — s- 


ignals — e 


ngth that 

icroso — the 



star subnetwork (3) . 

20. Th e m e thod of claim 19, wh e r e in th e optical data signals 
10 arc placed in a transmit queue (2 42) when taken from the 

optical ring n e twork (4^) afld transmitt e d from the 

transmit queue (242) to a tunable transmitter (26) of the 
sourc e subs e t nod e — (4) . 



15 21. The method of claim 19 or 20, additionally comprising th e 
step of regenerating the signal after — conversion to a: 
e l e ctrical signal. 



— ef — arty — ef — claims — f6 — to — 2-ir additionally 

the step — ef — the source subset node H4- 



odes — H-) — of the subset pr 



transmitting — the — data — pack e ts — ov e r — the — star — subn e twork 



The — method — ef- — claim 



-s — data — about — the — sourc e — addr e ss — 
ede — HB-f — data — about — the — destinati 



address — of the destination — subset nod e — H-) — and data about 
the length of the corresponding data packet. 
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A hybrid optical network comprising: 

a single channel optical ring network, 

a plurality of ring nodes of the single channel 

optical ring network, each of the ring nodes being 

adapted to communicate single channel optical data 

packets over the single channel ring network, 

a star subnetwork comprising: 

■ a central wavelength router having a plurality 
of input ports and a plurality of output 
ports , 

■ a plurality of combiners each having a 
plurality of input ports and one output port, 
the output ports of the combiners being 
connected to the input ports of the central 
wavelength router, 

■ a subset of the ring nodes of the ring 
network, each node of the subset including a 
tunable transmitter and a tunable receiver to 
communicate optical data packets over the star 
subnetwork, the tunable transmitters each 
being connected to an input port of one of the 
combiners, wherein 

- optical data packets routed between two ring nodes 
of the subset over the star subnetwork are assigned 
a specific wavelength that determines the routing of 
the data packets through the central wavelength 
router . 



The network according to claim 24, wherein the central 
wavelength router is a single arrayed waveguide grating. 

The network according to claim 24 or 25, additionally 
comprising a plurality of wavelength independent 
splitters each having one input port and a plurality of 
output ports, the input ports of the splitters being 
connected to the output ports of the central wavelength 
router, the output ports of the splitters each being 
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connected to a tunable receiver of one of the nodes of 
the subset. 

The network according to claim 24, wherein the nodes of 
the subset are equally distributed among the ring nodes. 

The network according to claim 24, wherein an optical 
amplifier is arranged between the output port of a 
combiner and the corresponding input port of the central 
wavelength router. 

The network according to claim 26, wherein an optical 
amplifier is arranged between an output port of the 
central wavelength router and the input port of the 
corresponding splitter. 

The network according to claim 24, wherein each node of 
the subset comprises conversion means for optical to 
electrical to optical conversion of the signals, and 
wherein the tunable transmitter and the tunable receiver 
of a node perform electrical to optical and optical to 
electrical signal conversion, respectively. 

The network according to claim 30, wherein each node of 
the subset comprises transit queues and station queues, 
the station queues comprising receive queues and 
transmit queues, one receive queue being connected to 
the tunable receiver and one transmit queue being 
connected to the tunable transmitter . 

The network according to claim 24, further comprising 
protocol means for routing optical data packets to be 
sent from a given source ring node to a given 
destination ring node over the shortest network path, 
including routing the data packets over the single 
channel ring network and over the star subnetwork. 
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The network according to claim 24, additionally 
comprising : 

means for assigning a wavelength to data packets 
being sent over the star subnetwork from a given 
source subset node of the subset to a given 
destination subset node of the subset, the wavelength 
determining the route of the data packets through the 
star subnetwork, 

means for tuning the tunable transmitter of the 
source subset node to the assigned wavelength, and 
means for tuning the tunable receiver of the 
destination subset node to the assigned wavelength. 

The network according to claim 33, wherein the means for 

assigning a wavelength comprise: 

means for determining the shortest route for data 
packets being sent from a given source ring node to 
a given destination ring node) , 

means for determining within the shortest route a 
source subset node and a destination subset node 
routing the data packets over the star subnetwork in 
a short-cut, 

means for determining a wavelength to route the data 
packets from the source subset node to the 
destination subset node. 

The network according to claim 33, further comprising 
means for putting the data packets received at the 
destination subset node on the single channel optical 
ring network in case the destination subset node is 
different from the destination node. 

The network according to claim 24, wherein the single 
channel optical ring network is a bidirectional dual- 
fiber ring network or a bidirectional single-fiber ring 
network . 
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The network according to claim 24, wherein the hybrid 
optical network is a packet switched metropolitan area 
network . 

The network according to claim 24, wherein a passive 
star coupler is arranged in parallel with the central 
wavelength router, each node of the subset being coupled 
both to the central wavelength router and the passive 
star coupler, and with the central wavelength router 
routing data packets assigned to wavelengths of a first 
waveband and the passive star coupler routing data 
packets assigned to wavelengths of a second waveband. 

A method of routing data packets between a source ring 
node and a destination ring node of a hybrid optical 
network that comprises a peripheral optical ring network 
with a plurality of ring nodes and a star network with a 
central wavelength router and a subset of the ring 
nodes, each node of the subset including means to 
communicate optical data packets over the star 
subnetwork, the method comprising: 

putting data packets to be transmitted on the 
optical ring network at the source ring node, 
determining a source subset node and a destination 
subset node of the subset which are part of a route 
for data packets being sent from the source ring 
node to the destination ring node, 

pulling incoming source ring node data packets from 
the optical ring network at the source subset node, 
transmitting the pulled data packets over the star 
subnetwork to the destination subset node) , 
sending the data packets from the destination subset 
node to the destination ring node over the optical 
ring network if the destination ring node is unequal 
to the destination subset node, and 

taking the data packets from the optical ring 
network at the destination ring node. 
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The method of claim 39, wherein the source subset node 
and the destination subset node are nodes of the 
shortest route for data packets from the source ring 
node to the destination ring node over the hybrid 
network . 

The method of claim 39 or 40, wherein the optical ring 
network is a single channel optical ring network, the 
optical data packets pulled from the single channel 
optical ring network being converted in the source 
subset node to an optical wavelength that allows routing 
of the data packets to the destination subset node over 
the star subnetwork. 

The method of claim 41, wherein the optical data signals 
on the optical ring network are converted to electrical 
data signals when taken from the ring, and wherein the 
electrical data signals are converted to optical data 
signals of a specific wavelength that determines the 
routing of the data signals across the star subnetwork. 

The method of claim 42, wherein the optical data signals 
are placed in a transmit queue when taken from the 
optical ring network and transmitted from the transmit 
queue to a tunable transmitter of the source subset 
node . 

The method of claim 42, additionally comprising the step 
of regenerating the signal after conversion to an 
electrical signal. 

The method of claim 39, additionally comprising the step 
of the source subset node transmitting control data with 
node reservation information to the other nodes of the 
subset prior to transmitting the data packets over the 
star subnetwork. 
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The method of claim 45, wherein the node reservation 
information comprises data about the source address of 
the source subset node, data about the destination 
address of the destination subset node and data about 
the length of the corresponding data packet. 



